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I. Introduction 
Since the signal intensi t ies  of a nuclear magnetic resonance spectrum are 

dependent upon the number of given nuclei present in a compound, nuclear magnetic 
resonance can be a strong analytical tool for  quantifying the amounts of material 
present in a sample. In many compounds of interest  which contain carbon, carbon- 
13 magnetic resonance (cmr) spectra are of particular value as an analytical tool 
since the spectra can be void of multiplet structure due t o  13C-13C sp l i t t ings  
( i f  carbon i s  in natural abundance only) and can be void of multiplet structure 
due to lH- l3C  s p l i t t i n g s  ( i f  noise-modulated proton decoupl ing techniques are used). 
Moreover, a range of chemical s h i f t s  of over 200 ppm for  common functional groups 
ass i s t  greatly in resolving individual peaks in any given spectrum (1) .  Thus under 
such experimental conditions, each I3C nuclear environment i s  represented by a 
single 13C resonance. In  complex mixtures of hydrocarbons resulting from coal 
l iquif icat ion,  these qual i t ies  of cmr make 1 3 C  spectra particularly useful. 
coal mixtures can contain hundreds of compounds, and may be quite viscous. In  
such mixtures, 1 3 C  spectra have been used by various workers t o  quantify the amount 
of a given compound, as well as t o  quantify the amount of aromaticity in given coal 
derivative samples (2-4) .  

Nevertheless, there are some problems attendant with the 1 3 C  nmr technique and 
the usefulness of the 1 3 C  signal intensity as a quantifiable parameter. 
with, 1 3 C  nuclei in natural abundance amount t o  only about 1.1%. 
tures of multiple compounds, signal sensi t ivi ty  therefore becomes a problem. 
Fourier transform methods of d a t a  acquisition with repeated pulse sequences and 
data storage for  signal averaging, has somewhat overcome such compl ications ( 4 ) .  
However, such Fourier techniques themselves lead t o  other problems. 
tha t  the time necessary t o  s tore  suff ic ient  transients i s  n o t  inordinately long, 
i t  is desirable t o  repeat the pulse sequence as rapidly as possible. 
the delay time between successive pulse sequences (individual t ransients)  i s  de- 
pendent upon the sp in- la t t ice  relaxation times (T,).of the 13C system. If the 
next pulse sequence i s  begun before any given 1 3 C  signal has had an opportunity to  
relax t o  i t s  thermal equilibrium value, saturation effects  occur, and the resultant 
1 3 C  signal intensi ty  i s  not maximized. 
wide variety of carbon-13 relaxation times from fa i r ly  short ( 2  sec) t o  fa i r ly  
long (200 sec) ,  t h i s  greates a problem. 
between successive 90 pulses would most l ikely saturate the 1 3 C  signals with 
long relaxation times (200 sec) so t h a t  l ess  than 10% of the pgssible signal would 
be observed. 
permit nearly 90% of the signals t o  be observed i f  the relaxation times were short 
(2  SeC). Under such variable saturation e f fec ts ,  the 13C signal intensi t ies  would 
be d i f f icu l t  t o  r e l a t e  t o  quantifiable resul ts  ( 4 ) .  

For hydrocarbon systems which resu l t  from coal derivatives, such wide vari- 
ations in relaxation times are  a real i ty .  Spin-lattice relaxation times in 
acenaphthene have been reported t o  vary from 3.1 seconds for  the 1 3 C  nuclei with 
two protons attached, t o  about 150 seconds (5a,5b,5c) a t  the internal 
bridgehead carbon. A similar range of the spin- la t t ice  relaxation times for the 
protonated and non-protonated carbons in pyrene has been observed.. Singe delay, 
times of 5T1 are necessary t o  ensure complete relaxation following a 90 or 180 
pulse (6), some other  method must b e  found for taking 1 3 C  signal intensi t ies  in 
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hydrocarbon systems with long relaxation times. 
to 10,000 transients) with delay times of 1,000 seconds (5T1) become prohibitively 
long to run (for example, 10,000 transients with delay times of 1,000 sec between 
transients would take 116 days per spectrum). 

Another problem inherent in the proton-decoupled 13C spectra relates to the 
Nuclear Overhauser Effect (NOE) experienced by the 13C signals when the coupled 
lH nuclei are doubly irridated. 
enhanced when coupled 'H signals are irridated by a saturating second frequency. 
The value of the NOE is determined by the ratio of S -/So. (The 13C signal in- 
tensity after the proton decoupler has been on long enough to establish equilib- 
rium is Sm SO is the signal intensity without proton decoupling) (7). Depending 
upon whether a given nucleus is dominated by dipole-dipole relaxation, or by 
other relaxation mechanisms, the value of NOE can vary from 3 to 1, respectively 
(8,9). In the hydrocarbon systems of coal derivatives, it appears that the NOE 
factors can vary over the maximum ranges (being about 3 if protons are directly 
attached, and as low as 1-2 if no protons are attached). Hence, variations in 
NOE enhancements of l3C signal intensities representing the same number of 13C 
nuclei could vary over a magnitude of 1-3 (8). 
quantitative studies. 
factors for each 13C signal must be found, or else some means o f  eliminating 
the NOE enhancement must be used. 

In an effort to address the preceeding problems we have obtained TI and NOE 
values on a number of model compounds (polycycl icaromatic hydroaromatic, and 
a1 kylated aromatic hydrocarbons) which are thought to have representative values 
similar to those found in complex hydrocarbon mixtures. 
thus obtained provide valuable information on relaxation processes, range of 
values expected, and details o f  molecular motion. 
11. Experimental 

and SC-300 FT spectrometers, respectively. 
recovery method (10) while NOE values were obtained by a two point gated decoupling 
method. 
111. Results and Discussion 

pyrene, symmetrical hexahydropyrene, phenanthrene, 1 ,2,3,4,5,6,7,8, octahydro- 
phenanthrene, xanthone, and phenyloctane. This group of compounds represent a 
set of structural types representative of many moieties known to occur in coal 
derived liquids. In terms of general relaxation considerations the data can be 
considered, for convenience, in terms of protonated and non-protonated carbons. 
Protonated carbons are found, within experimental error, to exhibit essentially 
a full nuclear overhauser effect and the dipolar relaxation mechanism thus is 
dominant (11). The T, values at 25 MHz for all protonated carbons examined fall 
in the range of 2-11 second. 
protonated carbons, however, fall in the range 28-240 seconds at 25 MHz with the 
higher numbers associated with the PAH's where the l/r6 term in the relaxation 
expression rapidly a1 ternates the efficient carbon-hydhd intramolecular dipolar 
re1 axat ion mechanism. 

75 MHz. 
butions made by chemical shift anisotropy at high fields. 
pression (11) = + 

and assuming that l/TY approaches zero for the systems in question (which, based 
on the low and high field data, is justified), one can readily calculate dipolar 
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We have obtained TI and NOE data on napthlalene, tetralin, acenaphthene, 

Similar values are observed at 75 MHz. The non- 
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c o n t r i b u t i o n s  o f  88, 413, and 127 seconds, t o  t h e  r e l a x a t i o n  r a t e s  a t  C-g,lO,C-11, 
and C-12, r e s p e c t i v e l y  by assuming i s o t r o p i c  mot ion o f  t h e  molecules. 
chemical s h i f t  an i so t ropy  term i s  88, 73, and 54 seconds, r e s p e c t i v e l y  f o r  these 
carbons. I n  t h e  case of pyrene the c o n t r i b u t i o n  f rom chemical s h i f t  an i so t ropy  
i s  even g r e a t e r  w i t h  c o n t r i b u t i o n  o f  35 and 38 seconds for carbons 11,12,13,14 
and 15,16 r e s p e c t i v e l y .  Hence, r e l a x a t i o n  c o n s t r a i n t s  a r e  much l e s s  severe a t  
h i g h  f i e l d s  than those  encountered us ing  i r o n  co re  magnet NMR technology. 

carbons a t  C-15,16 i n  pyrene rep resen t  t h e  l onges t  TI values one would expect 
t o  encounter. 
ope ra t i ng  c o n d i t i o n s  i n  o r d e r  t o  a r r i v e  a t  an op t ima l  s e t  o f  parameters f o r  use 
on coal d e r i v e d  l i q u i d s .  
MHz w i l l  be for thcoming.  
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TABLE I 

Relaxation Parameters in Pyrene and Acenaphthene 

25 MHz 75 MHz 
COMPOUND POSITION T1- ll (20.2 ) T1 ll(20.2) 

Acenaphthene 132 
3 8  
437 
5,6 
9,lO 
11 
12 
1,3,6,8 
2,7 
4,5,9,10 
11,12,13,14 
15,16 

Pyrene 

3.120.2 
5.650.8 
5.650.8 
6.420.9 
8751 0 
208530 
12821 0 
8.020.4 
6. a50 .2 
7.220.8 
1 35210 
240230 

3.0 
2.8 
2.8 
2.8 
2.3 
1.8 
2.1 
1.9 
1.9 
1.9 
1.2 
0.6 

3.1 
6.050.4 
6.6T0.5 
6.520.4 
4422 
6227 
3823 
4.950.4 
4.550.3 
5.450.2 
26.251 .4 
35.153.5 

1.95 
1.85 
1.85 
1.85 
1 .o 
0.4 
0.4 
2.0 
2.0 
2.0 
0.51 
0.17 
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